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ALTHOUGH considerable attention has been given the production 
potent vaccine lymph, much less has been given its standardization. The 
standards proposed all workers the subject, pointed out previous 
paper (Clearkin, 1928), are measures activity and not immunizing power. 
More recently Ledingham (1929) points out that there more pressing 
problem than that standardization the immunizing power viruses, and 
especially vaccinia. The Ministry Health Committee Vaccination 
(1928) consider that the question whether possible immunize against 
smallpox with vaccine virus more attenuated than that present employed 
open and further, that systematic investigation the relation 
dose immunity desirable. 

certainly appears time that some approximate determinations 
the dose vaccinia necessary induce immunity, any rate animals, 
should carried out. 

This question the minimal dose vaccinia necessary induce immunity 
against smallpox had occupied for several years, and after 
considerable experimental work the monkey was thought that some 
information could obtained ascertaining the minimal infective dose 
vaccinia that animal, then immunizing others with certain number 
minimal doses and finally testing their immunity against large number 
doses. was recognized that the information obtained would the 
immunizing power vaccinia against vaccinia the monkey after the lapse 
only few weeks. How far this information value determining the 
immunizing power vaccinia against smallpox man and its duration 
matter for discussion. 

During the past year number experiments were carried out the 
lines indicated, the strain vaccinia used being variolous one obtained from 
case smallpox 1920 and its virulence maintained alternate 
passage. The titre was ascertained the intra-dermal injection 
c.c. serial dilutions the shaved abdomen the monkey, the results 
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being read daily from the third the tenth day. The highest dilution resulting 
vesiculation was taken the titre, and from the minimal infective dose 
calculated. Monkeys were immunized: the intra-dermal insertion c.c. 
the decided number M.I.D., and their immunity tested days 
later insertions serial dilutions afresh, very active vaccine. practice 
vaccine was titrated and immediately returned the cold store: soon 
the titre was known, days later, the other monkeys were immunized. 
There was thus little chance for the deterioration the vaccine between 
titration and immunization. 

1.—A vaccine, titre 1/200,000, was used immunize six 
monkeys shown the following table: 


Monkey Dilution 
number. vaccine used. 


1/3,000 
1/600 
1/300 
1/60 
1/30 
1/10 


Fourteen days later these six monkeys and non-immune control were 
injected with series dilutions ranging from 1/2 1/300,000 fresh 
vaccine. animals were observed daily, and the third day after the test 
inoculations each the immunized animals showed very slight superficial 
vesiculation the point insertion the 1/2, 1/5 and 1/10 dilutions but 
the following day the vesicles had dried-and hours later all signs lesion 
had disappeared. The non-immune control showed good and typical vesicu- 
lation and including the 1/100,000 dilution. 

This experiment suggests that the immunity given minimal doses 
strong that given 20,000, and that M.I.D. protects against 50,000 
(The titre the test vaccine shown the control was 1/100,000, 

Experiment 2.—This was carried out manner similar the first, 
except that the immunizing injections were subcutaneous instead intra- 
dermal, and four weeks were allowed elapse before immunity was tested. 

vaccine, titre 1/100,000, was used immunize five monkeys follows: 


Monkey Dilution 
number. vaccine used. 
100 1/5 
101 1/10 
102 1/100 
103 1/500 
104 1/1,000 


Four weeks later their immunity was tested before and the result was 
similar that the last experiment, namely evanescent vesiculation appearing 
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the third day the site the injections the 1/2, 1/5 and 1/10 dilution 
the immunized animals, while the control showed marked vesiculation 
and including the 1/100,000 dilution. this experiment 100 
injected subcutaneously protected against 50,000 M.I.D. administered intra- 
dermally weeks later. 

Experiment 3.—Four monkeys were immunized 


Monk Diluti 

108 1/2000 
109 1/1000 100 
110 1/500 200 


The immunizing vaccine was active dilution 1/100,000, and the 
immunizing dose was, usual, c.c. intra-dermally. 

When their immunity was tested weeks later these four monkeys showed 
similar reactions those the former two experiments, while the control 
showed that the test vaccine was active and including dilution 
1/100,000. this experiment therefore protected against 50,000, 
and gave good immunity 20,000 M.I.D. 

Experiment 4.—This failed owing the death the control, but never- 
theless some information derived from it. The experiment was 
designed ascertain not only the lowest dose virus that would give 
immunity, but also determine the relative value old and fresh vaccine 
producing immunity. 

vaccine 166 days old gave titre 1/25,000 and another days old 
1/40,000. Monkeys Nos. 113 and 114 were immunized with M.I.D. and 
respectively the older vaccine, while two others, Nos. 115 and 116, 
were immunized with similar quantities the fresher vaccine. Fourteen 
days later their immunity was tested. Monkey No. 113, which received 
the old vaccine, showed vesiculation and including 
whereas No. 115 treated with similar quantity the fresh vaccine showed 
only the usual slight vesiculation the lower three dilutions. Both the 
animals treated with were immune—that say, only showed 
slight superficial vesiculation with the three lower dilutions. 

Although this experiment the control died and the strength the test 
vaccine was therefore unknown, monkey No. 113 showed that was active 
least 1/40,000. 

Experiment 5.—The attempt find the smallest quantity vaccinia 
which would induce immunity was carried one stage further. Two monkeys 


Monk Diluti 
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The immunizing vaccine had titre 1/1000, and was usual introduced 
intra-dermally, c.c. used. 

Fourteen days later test showed that both possessed immunity similar 
those previous experiments, while the test vaccine was active the 
control dilution 1/200,000. Two protected against 100,000. 

This series experiments indicates that only very small quantity 
vaccine lymph necessary protect against considerable quantities. 

The estimation the M.I.D. vaccine the manner described is, 
course, only rough one. get accurate estimations series titrations 
the same vaccine would have carried out. For example, dilutions for 
the foregoing titrations were follows: 1/1000, 1/10,000, 1/20,000, 1/50,000, 
1/100,000, 1/150,000, 1/200,000, 1/250,000 and 1/300,000. When the end- 
point 1/100,000 actually lies between 1/100,000 and 1/150,000, and 
second possibly third titration between these dilutions should done 
obtain accurate titre. Nevertheless sufficiently accurate for the 
purpose the experiment, which was discover the large doses vaccinia 
given practice were really necessary for the production immunity. 

the hands other workers titration vaccine lymph rabbits has 
proved reliable, and there reason think that the monkey less so. 
Having now carried out titrations several hundred the latter animal 
convinced its reliability, and moreover the results are easier read. 
Still, meet possible objections, vaccine was titrated four monkeys and 
each case the end-point was the same. 

How far can these results applied the human? opinion they 
form useful guide. The strain vaccine lymph being variolous one, 
seems reasonable deduce that the protection given against variola will 
least good against large doses the same virus. any case, 
Gordon (1925) points out, vaccinia protects against variola better than variola 
against vaccinia. Again, the monkey reacts, far the dermal lesions are 
concerned, very similar manner the human and much more typically 
than the rabbit. probable, therefore, that view the near relation- 
ship the monkey the human their immunity reactions will similar. 

The entire problem anti-variolous immunization bound with the 
production stable preparation vaccinia virus. The rapid deterioration 
present preparations detracts from the value standardization, and the aim 
every vaccine lymph institute produce lymph potent that will 
survive unfavourable conditions. If, therefore, vaccine lymph issued with 
low standard activity there will probably many failures 
There therefore more urgent necessity than the discovery 
method whereby the virus can preserved more stable form. When 
this done standardization will follow. 


CONCLUSIONS. 


Very small quantities vaccinia virus protect against enormous doses. 
Before standardization vaccine lymph becomes feasible must 
prepared more stable form. 
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Parker and Nye (1921) described experiments which they 
claimed produce accumulation iron free pigment the liver and cirrhosis 
the organ following the administration copper acetate. The pigment was 
best demonstrated basic aniline dyes especially basic fuchsin and methylene 
blue. They considered this pigment allied hemofuscin. mention was 
made normal controls. Mallory (1925) claimed that hemochromatosis was 
result chronic copper poisoning and support this contention 
quoted, amongst other summary these experiments. Mallory 
(1926) again referred the experiments when reviewing the subject 
cirrhosis the liver. 

Hall and Butt (1928) published account their repetition the experi- 
ments Mallory, Parker and Nye; their results were agreement, both 
respect pigmentation and cirrhosis the liver. They made reference 
normal controls. 

Flinn and Von Glahn (1929), repeating Mallory’s experiments, failed 
produce cirrhosis but observed the accumulation the liver. 
They showed, however, that the latter result was obtained when rabbits were 
fed with sodium acetate; greater significance was their finding that diet 
carrots caused the heaviest pigmentation the liver much shorter 
time than did copper sodium acetate. They also found that diet yellow 
turnips led pigmentation the liver but this was much less severe than 
that produced carrots. 

further repetition Mallory’s experiments described the present 
paper. Cirrhosis was not produced neither was pigmentation the liver 
observed, except two experiments, when rabbits were fed with copper 


acetate. shown that diet containing mangel-wurzels and turnips led 
the accumulation the liver; also that three examples 
cirrhosis were found series livers from normal control rabbits. 


a 
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Experimental. 


The organs the rabbits were submitted chemical histological 
examination described elsewhere (Polson, 1928). The tests for 
described Mallory, Parker and Nye, were also Six groups rabbits 
were examined and since the results were almost entirely negative the 
description limited minimum. 


Group I.—Normal Control Rabbits. 


series rabbits were kept under observation for few days and then 
killed order examine their organs. The iron content livers was 
estimated. 

Three the rabbits had cirrhosis the liver and the lesions are illustrated 
the Rabbit had coarse cirrhosis without hemo- 
siderosis the other two livers there was also quantity iron especially 
that rabbit N385. While the lesion rabbit S107 was considerable 
standing that rabbit N461+ appeared more recent for the fibrous 
tissue the portal tracts was very cellular and there were many new bile- 
ducts. 

The highest iron content normal rabbit’s liver, determined this 
series estimations, was 0°302% per dry weight and the total iron present 
was 26°04 mgm. Unfortunately estimation was made the iron content 
the livers N461 and N385. 


Group II.—Rabbits Fed with Copper Acetate. 


Ten rabbits had diet cabbage, oats, bran and thirds (Dunr, Haworth 
and Jones, 1924) which copper acetate was added aqueous solution. The 
daily dosage copper acetate ranged between mgm. and 200 the 
total amount copper given being between 1°75 gm. and gm. The 
experiments lasted from 528 days and the average duration experiment 
was 328 days. 

The bulk the evidence was entirely negative. Experiment however, 
the rabbit had cirrhosis the liver. This rabbit was given all 7°80 gm. 
copper acetate and was under experiment for 189 days. The fibrous tissue 
the portal tracts was almost acellular suggesting lesion some standing. 
Hemosiderin was demonstrated the liver-cells the periphery the 
lobules. These changes were probably present the outset experiment. 

was found the livers Experiments and 10, from 
rabbits under experiment for 366 and 245 days and which had 29°4 gm. and 
39°0 gm. copper acetate respectively. The pigment was present small 
amount and had golden brown colour the unstained sections; did not 
give the berlin blue reaction although peroxide hydrogen and ammonium 
sulphide were used attempts obtain positive result. was best 
demonstrated methylene blue. The livers other rabbits were free from 


Rabbit $107 was not strictly “normal” control for had had two intravenous injections 
dialysed iron and was killed the second day experiment. 
Iam indebted Prof. Shaw Dunn for material from this rabbit. 
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1.—Rabbit Liver 80. Half the field occupied coarse tracts fibrous tissue. 
severe cirrhosis. 

2.—Rabbit Liver 80. Moderate cirrhosis the liver and there are iron giant-cells, 
full iron the periphery the liver lobules. The liver-cells the peripheral third 
the lobules contained granules hemosiderin. 

3.—Rabbit Liver 80. Almost the whole the field occupied band cellular 

fibrous tissue forming part portal tract. are several small bile-ducts. Although 
iron was present the liver-cells this not shown. Liver-cells are seen the margins 
the photograph. 
Polson. 
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this pigment although the duration the experiments was 366, 446 and 528 
days and the total dose copper acetate was gm., 51°6 gm. and 30°75 gm. 
respectively these rabbits ate almost all their food. 
Chemical examination showed that there was small excess iron the 
livers those rabbits mentioned above, which had the biggest doses 
copper acetate. The highest excess was found the liver Experiment 
where 0°206% iron per dry weight and total 25°07 mgm. was present. 


Group Given Copper Acetate and Iron. 


Eight rabbits the same diet those Group received also copper 
acetate and iron. The daily dosage was from mgm. 100 mgm. copper 
acetate and 0°5 gm. iron (dialysed iron B.D.H., Ltd., and Liquor Ferri 
Perchloridi B.P.). The experiments lasted from 114 523 days; from 
35°5 gm. copper acetate and and 160 gm. iron were administered. 
The latter was added the hope that would accelerate the production 
cirrhosis. 

appeared, from the chemical examination, that the combined administra- 
tion copper and iron caused greater storage iron the liver than was 
found when iron was given alone. Experiment rabbit received 
gm. copper acetate and 110 gm. iron and after 297 days the liver 
iron content was 153°22 mgm., whereas another rabbit, given 100 gm. iron 
but copper, had liver iron content only 25°62 mgm. the end 263 
days. the same time considerable variation was found the iron content 
the livers rabbits given iron alone; thus another rabbit given gm. 
iron had 85°81 mgm. iron its liver the end 228 days. 

Cirrhosis the liver did not occur these rabbits and the pigment present 
always yielded the berlin blue reaction. 


dy > 


Group IV.—Rabbits Given Copper Powder Subcutaneously. 


Two rabbits received approximately 0°75 gm. copper powder, suspended 
liquid paraffin, subcutaneously and were killed month later. The experi- 
ment was controlled rabbit given c.c. liquid paraffin alone subcuta- 
neously. 

small quantity was found the liver-cells the 
periphery the lobules all three rabbits. This experiment was performed 
Leeds where the diet included turnips and mangels. 


Group V.—Control Rabbits Fed with Different Diets. 


series rabbits used for research iron (Polson, 1928, 1929) and 
normal controls were fed Manchester diet cabbage, oats, bran 
and thirds. second series rabbits given iron before, and normal 
rabbits, were fed Leeds diet turnips mangels, oats and hay 
each oz. daily (MacKavoy—personal communication). 

was not found any the rabbits fed Manchester. 
those fed Leeds the experimental rabbits and the normal 
controls had varying amounts their livers. The duration 
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feeding Manchester was from day months and the average 
four months, while the longest the Leeds series was three months. 


Group Given Copper Acetate. 


Six guinea-pigs were given 100 mgm. copper acetate their food for periods 
from 209 300 days. They were all good health when killed and 
pathological lesion was found. 


Commentary. 


These experiments are claimed fair repetition those Mallory, 
Parker and Nye. The same range dosage was used and the experiments 
lasted for longer time. The longest experiment their series was 
concluded months, the average duration the present experiments. 
spite this neither cirrhosis nor pigmentation the liver were produced. 

Mention was made one rabbit which had cirrhosis the liver. view 
the dosage copper acetate, duration experiment histological 
appearance the liver believed that this was antecedent lesion. 
were admitted experimental production represents one positive result 
series experiments. Against this evidence that there were 
examples cirrhosis the liver amongst normal controls. not 
permissible, therefore, draw conclusions, did Mallory, Parker and Nye, 
and Hall and Butt, low incidence positive results. Mallory found only 
examples of, cirrhosis the series experimental rabbits, while 
Hall and Butt found only examples cirrhosis. 

While the adminstration copper powder appeared cause accumulation 
the liver this result was controverted similar result 
the control rabbit. All were fed turnips and mangels and almost 
certain that this diet factor played important part the production 
pigment the liver. Evidence given show that rabbits fed oats 
and cabbage were free from whereas fed turnips 
mangels and oats were particularly subject accumulation this pigment 
the liver since 87°5% the rabbits were affected. Moreover, those fed 
cabbage were observed for much greater period time than those fed 
turnips, etc. Whatever experimental treatment was used, was the same for 
both series rabbits, the technique the subsequent examination the 
organs was the same and the only difference lay the diet. The conclusion 
that the diet was responsible for the striking incidence liver pigmentation 
the Leeds series rabbits and failure show pigmentation not only the 
Manchester controls but also the majority the experimental rabbits used 
Manchester. also the probable explanation the difference between 
these results and those the other three groups observers. 
determine the factor responsible are now hand. 

The copper-fed rabbits which had their livers might 
considered positive results but there was record their diet previous 
admission the laboratory and they may have had carrots, turnips mangels. 

While the combined administration iron and copper acetate appeared 
lead greater storage iron the liver this result must accepted with 
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caution view the variability results obtained when iron was adminis- 
tered alone. true, the explanation may that copper had toxic action 
the liver and thus the liver-cells stored iron more readily. Observations 
other rabbits showed that diseased tissues were prone accumulate iron. 
The excess iron the liver following the administration copper acetate 
alone was small and within the limits natural variation. the same time 
Mallory stated that copper caused hemolysis and Muir and Dunn (1915) 
showed that iron accumulated the liver following the production 
hemolytic that this iron excess may explained these two 
observations. 

The experiments with guinea-pigs were negative, confirming the results 
Flinn and Von Glahn. 


SUMMARY. 


Copper acetate failed produce pigment cirrhosis the liver, whereas 
diet containing mangel-wurzels and turnips caused accumulation 
the livers 87°5% the controls. 


thanks are due Prof. Shaw Dunn, whose suggestion the research 
was commenced, Prof. Stewart, and the Government Grant 
Committee the Royal Society from whom financial assistance was received. 
wish record the valuable assistance given Mr. Mackavoy, steward 
charge the animals the Medical School, Leeds. 
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THE object the experiments recorded this note was determine 
acute oxygen want caused obstructed breathing produced increase the 
number the circulating red cells and the percentage hemoglobin. 

Various observers have reported changes the volume the blood 
resulting from oxygen want. experiments carried out man these changes 
are small and apt receive little attention pass unnoticed, spite 
the fact that under certain conditions they are considerable importance 
the organism. The causes acute asphyxia are numerous, and possible 
that some them, was suggested Barcroft (1925), mechanism 
giving the blood increased oxygen-carrying capacity may turn the scale 
between life and death. 

When investigating the air disabilities aviators, Corbett and Bazett 
(1918) found slight concentration the blood after minutes re- 
breathing the air expired into closed bag (the Flack bag method). The 
maximum concentration was under and disappeared from 
minutes. They also found slight changes the blood volume when their 
subjects breathed air for minutes which corresponded composition 
that found altitude 18,000 ft. 

experiments low-pressure chamber Gregg, Lutz and Schneider 
(1919) found average increase the hemoglobin and the red 
15,000 18,000 ft. when the ascent was made rate 1,000 ft. minute. 

Binet and Williamson (1926) found that dogs, acute asphyxia produced 
complete obliteration the trachea was followed average increase 
16% the number the circulating red cells. 

the following experiments closed mask was fitted over the mouth and 
nose and held position long could borne. Experiments and 
the dead space was 150 c.c., the others was Samples blood 
were taken immediately before the mask was put and soon was 
removed. few cases determinations were made quarter and half 
hour later. The blood was taken from the finger, and the requisite dilution 
for counting was made adding c.mm. blood 995 c.mm. Hayem’s 
solution which had previously been placed small mixing vessel. The 
mixture was thoroughly agitated means ordinary pipette and teat. 
Three drops were then counted Thoma-Zeiss counting chamber. Much 
greater accuracy possible this way than using Thoma-Zeiss pipettes 
for making the dilution. The percentage hemoglobin was estimated 
means the Haldane hemoglobinometer. 

The obstruction first produced increased depth and diminished rate 
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breathing, but this was followed almost immediately increased rate and 
shallow breathing associated with intense air-hunger, and such marked 
feeling suffocation that was impossible continue the experiment. 
removal the mask the finger-nails were found cyanosed, there was 
marked panting, profuse perspiration and general shakiness. one two 
experiments where effort was made continue further than usual there 
was such marked tremor and blurring vision that the blood pipettes could 
not held and counting had given up. one two cases the systolic 
blood-pressure was measured and was found increase from 115 120 mm. 
mercury. 

The changes the number red cells and the percentage 
globin are given the table. After minutes’ obstructed breathing there 
was increase the number red cells from 17%, the average increase 
being 7°8%. This increase passed off gradually and the blood returned 
normal about hour. 


Obstructed Breathing Man. 


Increase in Number of  Increaseinnum- Increase in 
Date. Details of experiment. Hb. % —e R.B.C’s. ber of R.B.C’s. percentage 
of Hb. 


per c.mm. per c.mm., of R.B.C’s. 

20.5.26 Before obstructed 

After minutes’ ob- 

structed breathing 1185 145 7,105,000 1,050,000 
21.5.26 Before obstructed 

After minutes’ ob- 


26.5.26 Before obstructed 

After minutes’ ob- 

27.5.26 

After minutes’ ob- 

28.5.26 Before obstructed 

After minutes’ ob- 

3.6.26 Before obstructed 

After minutes’ ob- 

Before obstructed 

After minutes’ ob- 

7.6.26 Before obstructed 

After minutes’ ob- 


WILLIAMSON. 


Discussion. 


One the normal reactions oxygen want increase the number 
the circulating red cells and the percentage hemoglobin. may take 
place gradually ascents high altitudes (Corbett and Bazett, 1918; and 
Gregg, Lutz and Schneider, 1919), more rapidly the re-breathing 
experiments Corbett and Bazett (1918). acute obstructed breathing 
man the average increase the number red cells was found 78%. 
the oxygen want carried the point asphyxia, the experiments 
Binet and Williamson (1926), the increase the red cells averages 16%. The 
difference the increase the red cells between slight oxygen want and 
marked asphyxia only one degree. Various views have been put forward 
account for this increase. has been pointed out that diurnal variations 
the number red cells and the hemoglobin may account for the increase 
observed aviators. Diurnal variations cannot account for changes occurring 
less than minutes. Concentration the blood withdrawal plasma 
has also been suggested. Barcroft (1925, 1926) has shown that the spleen 
reservoir for red cells which discharges into the blood under certain 
conditions, and the experiments Binet, Cardot and Williamson (1926) 
demonstrate that acute asphyxia causes marked degree splenic contraction 
and increase the number red cells the blood. 

Increase the number red cells possible cause the increase 
blood-pressure occurring asphyxial conditions. 


Conclusions. 


Acute oxygen want accompanied by-an increase the number red 
cells and the percentage the blood. 


wish thank the Will Edmonds Clinical Research Committee and the 
Medical Committee the Hospital for Consumption and Diseases the Chest, 
Brompton. 
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previous papers (Gordon, Whitehead and Wormall, 1926; Gordon and 
Wormall, 1928) was shown that guinea-pig serum treated with dilute 
ammonia and incubated for about hours lost its complement and bactericidal 
activities, but that this activity could restored the addition guinea-pig 
serum heated 55°C. for hour. This relatively thermostable part 
complement which was destroyed ammonia was named fourth com- 
ponent.” was thought interest attempt elucidate further this 
inactivation and principally see the protein constituents the serum 
were affected treatment with ammonia. 

Normal guinea-pig serum was used all these experiments. the 
first series experiments sterile guinea-pig serum was necessary. The necks 
the animals were shaved, treated with alcoholic solution crystal violet 
and brilliant green, washed with alcohol, cut with sterilized razor and the 
blood collected sterile vessel. c.c. sterile guinea-pig serum were 
obtained and divided into three portions. one (A) 0°5 c.c. NH, was 
added, incubated for hours 37°C., and then adjusted with 
HCl. another c.c. guinea-pig serum (B) c.c. NH, was 
added, incubated above, and the adjusted. The third portion (C) was 
left untreated. and were tested for complement activity, using 
suspension sensitized ox-cells. With the sera and complement 
activity had been destroyed, but could restored the addition serum 
heated 55° for hour. 


TaBLE I.—Complement Titration. 
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Sera and were injected intravenously into rabbits intervals 
days. rabbit received five injections c.c. each, the serum being kept 
the ice-chest during the intervals. The rabbits were bled days after the 
last injection, and the serum separated. The sera from these rabbits were 
titrated against normal guinea-pig serum. 


TABLE II. 
c.c. cc. c.c. C.c, c.c. c.c, 


precipitation. 


This experiment has been repeated with different ammoniated guinea-pig 
sera, but every case such sera injected into rabbits gave rise anti- 
serum which precipitated with normal guinea-pig serum. Thus the action 
ammonia guinea-pig serum and the consequent destruction complement 
did not interfere with the protein specificity such serum. 

second method approach the problem was the determination 
the albumin: globulin ratio guinea-pig serum before and after treatment 
with ammonia. The technique employed for the determination the 
albumin globulin ratio the serum was modification the method 
(1922) for similar determination plasma. For estimation albumin 
globulin serum was diluted with 0°85% NaCl, c.c. the 
diluted serum was measured into centrifuge tube, c.c. water added and 
then 10% sodium tungstate and c.c. 2/3 After standing 
hour the precipitate was centrifuged and the supernatant liquid decanted. 
The residue was re-dissolved sodium tungstate and diluted with about 


c.c. water. The protein was re-precipitated the addition c.c. 


allowed stand over night and centrifuged. decanting the 
supernatant liquid, the precipitate was suspended c.c. water and dissolved 
the addition two drops 20% sodium carbonate. The solution was 
transferred quantitatively c.c. flask and the estimation carried out 
colorimetrically described Wu. 

For the estimation albumin, c.c. serum was treated with c.c. 5/9 
saturated ammonium sulphate and the precipitate globulin filtered off after 
hour. c.c. the filtrate were taken, and the protein precipitated and 
estimated exactly described for the total proteins. 

number experiments were performed this way, and were able 
show that the treatment with dilute ammonia 37°C., though destroying 
the fourth component complement, has effect the albumin globulin 
ratio guinea-pig serum. 


ACTION AMMONIA COMPLEMENT. 


Typical results are shown the accompanying table 


Experi- Experi- Experi- Experi- 


The third method employed for investigating any change the proteins 

the guinea-pig serum was determine the optical rotation before and after 
treatment with ammonia. Although the serum was all cases fairly clear, 
was found impossible determine the rotation without previous dilution. 
Various dilutions with 0°85% saline were therefore made, and the rotation 
produced cm. column determined, using the mercury green line. The 
results three such experiments are given the table below and show 
appreciable difference rotation. 


TABLE 


Control Serum. Ammoniated Serum. 


Rotation 


associated with one the phosphorus fractions the guinea-pig serum, 
and that the destruction this activity might due alteration the 
phosphorus partition. Accordingly the distribution inorganic phosphate, 
total organic phosphorus and lipin phosphorus the serum was determined 
before and after treatment with ammonia. The technique employed was 
follows: serum were treated with c.c. 25% trichloracetic acid and 
filtered. The inorganic phosphate was determined c.c. the filtrate 
the Briggs colorimetric method (1922). For the lipin-phosphorus determina- 
tion (cf. Randles and Knudson, 1922; Kay and Byrom, 1927) c.c. serum 
were pipetted into about c.c. alcohol-ether mixture (2:1) c.c. 
volumetric flask, the flask immersed hot water and allowed boil for about 
minutes, cooled, and made volume with alcohol-ether. The contents 
the flask were filtered through acid washed filter paper and total phosphorus 
determinations carried out the filtrate the Briggs 
(loc. cit.) after boiling off the alcohol-ether water bath. each flask 
was added phosphate equivalent mgm. phosphorus and the colours 
developed compared with mgm. standard. The following results were 


There was also the possibility that complement activity might some way 
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The total phosphorus content was not determined this experiment, 
though was subsequent experiments. number further experiments 
were made, two examples which are given. all cases the phosphorus 
distribution the ammoniated and non-ammoniated sera was the same. 


Total Inorganic Total organic Lipin 


mgm. per per mgm. mgm. per 
CONCLUSIONS. 


From the above results, would appear that inactivation complement 
ammonia, destruction the fourth component, was not associated with 
any interference with the protein constituents serum with any interference 
with the phosphorus partition. 


should like express our indebtedness the Medical Research Council 
for grant one (J. G.) aid this work. 
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PLASMA PHOSPHATASE OSTEITIS DEFORMANS AND 
OTHER DISEASES BONE. 


KAY. 
From the Medical Unit, London Hospital. 


Received for publication June 24th, 1929. 


THE object the present paper describe briefly the preliminary 
results some recent work the phosphatase (the enzyme which hydrolyses 
phosphoric esters such glycerophosphate, hexosephosphate, etc.) the 
plasma. These results point the conclusion that certain bone diseases 
this normal constituent the plasma present very largely increased 
amounts. Although the work yet far from complete, considered 
that the findings already made are sufficient interest warrant publication. 

For some time have been trying work out satisfactory method for 
the quantitative determination phosphatase the plasma. The difficulties 
are follows: (1) normal plasma contains only relatively small quantity 
this enzyme; (2) other constituents the blood, particularly the leucocytes, 
contain phosphatase; (3) the optimal the 
enzyme, far the most satisfactory which compare two enzyme 
preparations for relative activity, which far removed from the 
normal plasma; (4) plasma highly buffered and therefore tends 
bring the weakly buffered solutions with which mixed towards its 
own nevertheless changes its readily exposure air. 

These difficulties have now been largely overcome, and plasma from 
number normal individuals and from cases disease has been quantitatively 
investigated under well-controlled conditions. The method finally adopted 
simple one. Oxalated blood centrifuged for five minutes about 
3000 r.p.m., and the separated plasma filtered slowly through cotton wool 
remove leucocytes. the plasma are added tubes containing 
sodium and sodium chloride, 7°6, and 
the resulting determined. two these 25% trichloroacetic acid 
added once inactivate the enzyme, and another two tubes are kept 
38° for hours presence little chloroform, which prevents bacterial 
growth but allows the action the enzyme proceed. The increase 
inorganic phosphate over this period, the difference between the first two 
and the second two tubes, then determined. Experience has shown that 
the stoppered tubes used, the the reaction mixture changes little over 
the hours, and for present purposes the original the reaction tubes 
may taken, without serious error, that existing during the hydrolysis 
period. From other work with normal and abnormal plasmata has been 
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found that the neighbourhood the rate increase activity with 
increasing the same within the experimental error from one plasma 
another, that standard small correction may made bring the observed 
hydrolysis at, say, 7°7 its value This corrected hydrolysis 
taken the measure the phosphatase activity the particular plasma 
concerned. 

Table are shown the results number determinations normal 
and pathological bloods. Column shows the relative enzyme activities 


TABLE 
No. of Enzyme content of plasma | 
een Age. Sex. Description. (mg. P. hydrolysed by 1 c.c. under 
standard conditions). 
Normals. 
Diabetes. 
Carcinuma. 
litus 
Bone lesions other than osteitis. 
volvement 3rd and 4th 
cervical 
cinomatosis spine and substrate. 
‘ 


he 
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i, II. III. TV. Vv. 
standard conditions). 
Miscellaneous. 

deformans and fibrosa. 

complete. 

complete. 

complete gave 1°9). 

complete. 

sclerosis and syphilis 

Osteitis fibrosa .>13 hydrolysis substrate 
complete. 


Case half the normal quantities plasma gave complete hydrolysis, enzyme content 
plasma was actually Case 43, the same basis, the enzyme content was least 


terms the number milligrams liberated inorganic phosphate from 
plasma. Under the conditions these determinations, any apparent 
value above about 0°5 indicates actually considerably larger true value, 
owing partly the inhibitory effect the inorganic phosphate produced 
the activity the phosphatase. shown some the osteitis 
deformans cases (Nos. 36, 37, 39, 42, 43), where half quantities plasma were 
also used, and gave (calculated for larger phosphatase value than that 
indicated the standard method using full quantities. 

There thus very clear-cut distinction between the osteitis deformans 
and fibrosa cases and all the other groups. The amount enzyme the 
former cases from about four ten even (in one case which smaller 
quantities plasma were used) twenty times that present normals. thé 
osteitis cases only two out eight show enzyme content the plasma 
which less than and none are below 0°66; all the other groups only 
two single cases, and those with severe lesions the bone, show higher 
enzyme content than 0°34. The determinations enzyme activity have been 
done all cases least duplicate and adequately controlled, and the 
clinical diagnosis the cases bone disease confirmed all cases X-ray 
photographs. 

may safely concluded that the blood-plasma osteitis deformans 
contains much larger amount phosphatase (or that the activity the 
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phosphatase much greater, this form wording preferred) than that 
normal plasma, plasma diseases which the bones are not 
seriously involved. 

The phosphatases the tissues have received good deal attention 
during recent years, and various claims have been made their biological 
significance. These claims have some cases been founded insufficient 
data and have not withstood further quantitative investigation. The claim 
Robison and his fellow-workers (references which will found Robison’s 
1926 paper) that the phosphatase present bone one the essential 
factors ossification and bone maintenance belongs different category 
probability, and the above findings provide circumstantial support for from 
entirely different and unexpected quarter, that deep-seated disturbances 
bone metabolism are accompanied this extraordinary increase the 
amount the plasma. Speculations the exact significance 
this finding with regard the pathology bone absorption, malformation 
overgrowth would idle until more information quantitative character 
available for guidance. This information being sought the examina- 
tion certain other diseases man and experimentally induced conditions 
animals which are associated with abnormal bony changes, particularly 
the course wider investigation into osteitis deformans and allied clinical 
conditions conjunction with Dr. Riddoch and Dr. Levy Simpson, 
both whom wish express gratitude for their active assistance 
providing with most the osteitis cases recorded above. 


SUMMARY. 


Lesions the bone involving large portion the skeleton are accom- 
panied rise inthe amount phosphatase the plasma. osteitis 
deformans and osteitis fibrosa this increase may very large—from four 
twenty more times the normal. 


This work has been carried out with the aid grants from the Medical 
Research Council and the Research Fund the London Hospital Medical 
College. 
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STAPHYLOCOCCAL INFECTION AND RE-INFECTION. 


From the Hale Clinical Laboratories, London Hospital. 


Received for publication July 1929. 


THE object this investigation has been study the factors determining 
infection staphylococci, and particular observe any variation these 
factors resulting from repeated infection. 

The organism.—A strain Staphylococcus aureus was obtained from one 
series patients suffering from carbuncle, and the same strain was used 
throughout these experiments, namely over period about six months. 
The coccus was kept boiled blood broth room temperature, and sub- 
cultured every month. each experiment 24-hour sub-culture plain 
broth was used. The virulence the strain did not vary appreciably—as 
tested titration the skin the normal rabbit—throughout the series 
experiments. The colour the colonies agar remained golden. The 
virulence could appreciably raised passage through one rabbit. The 
virulence the stock strain was compared with that Staphylococcus 
aureus obtained from normal conjunctival sac, and difference was found. 
One strain white staphylococcus obtained from the urethra had patho- 
genic action the rabbit, whether given intravenously, subcutaneously 
into the skin. 

The experimental only animals employed were rabbits, and 
preliminary series injections were made determine the response the 
normal rabbit measured doses the bacteria given intravenously, subcu- 
taneously and intradermally. 

The intravenous dose was c.c. 24-hour subculture broth, made 
from the stock blood-broth mixture. Four rabbits received this dose, and all 
died, three hours, and one days. Those which died rapidly had 
large engorged kidneys, the films from which showed pus and staphylococci. 
The rabbit which lived days had general pyemia and large cedematous 
kidneys containing diffuse areas. 

The subcutaneous dose was broth subculture. Numerous 
rabbits were given this injection, and local abscess resulted each case. 
one occasion the abscess was small and difficult detect, rarely the abscess 
broke down and discharged most commonly swelling formed three four 
days, and persisted indefinitely. The abscess became firmly encysted within 
fibrous capsule containing cheesy material consisting amorphous débris 
and living staphylococci. 

The cutaneous dose consisted for the first rabbits used about 0°2 c.c. 
similar broth culture, and this, all cases, resulted the formation 
lesion which commenced redness and thickening the skin within hours, 
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reached its height about days when the lesion might compared 
carbuncle, and was usually healed from days fortnight. 

Subsequently, graduated intradermal doses were prepared follows: 
24-hour broth culture was made from the boiled blood-stock culture and 
diluted with broth the opacity standard tube representing 300 million 
cocci Further dilutions broth 1/10, 1/100 and 1/1000 were made. 
series intradermal injections 0°2 c.c. was given, and are referred 
injections, and the uniformity response has been remarkable. rabbit 
failed respond. rabbit tested graded doses developed the dose 
large local lesion roughly comparable carbuncle human case, with 
large yellow central slough, the S/10 dose produced small boil, often with 
minute central there was response the dose. 

were, therefore, the fortunate position having for our experimental 
work organism constant virulence, and animals which responded regularly 
infection. 


REPEATED INFECTION. 


Having established uniform dosage giving constant response the dermis, 
discover what degree immunity, any, followed one more 
infections. 

made into the skin and repeated some cases fortnightly and more often 
weekly intervals. The skin reaction resulting from these doses, was, the 
whole, very constant with all the animals employed. With the second series 
injections the reaction the standard dose was usually smaller, the central 
slough being less extensive and the zone inflammatory reaction more con- 
fined. response the dose was also comparably less, but 
usually occurred the dose also, well as, but more rarely, the 
With the third series injections similar reactions occurred the 
and doses, and almost invariably the strength also. 

The extent and degree these reactions well shown the plate. The 
re-infected rabbit had received its third series injections, and shows the 
graded response down the dose, whereas the fresh animal reacts 
more severely the and doses, but not all the smaller 
those rabbits which had received many injections, the skin and fur was 
presumably heavily contaminated cocci, and was found possible some 
cases produce local lesion such rabbits intradermal injection 
plain broth, that the actual number cocci required for infection was 
probably much less than that used, even the dose. 

One result therefore repeated cutaneous infection staphylococci 
set state high susceptibility evidenced the fact that infection 
results from dose 100 times less than the minimal infective dose for normal 
rabbit. Coincident, however, with this diminution the minimal infective 
dose, the degree response the larger doses diminished. The apparent 
contradiction therefore suggested that the response the animal 
infection produce partial immunity large dose, and lessened 
resistance small dose bacteria. 
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Lesions the skin rabbits inoculated series from above downwards 


drawn hours after injection. 


The right hand figure from rabbit 


inoculated for the third time, the other from fresh rabbit. 


Panton and Valentine. 
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This increased sensitivity the infective dose was further investigated. 
Two rabbits which had received many seven series intradermal 
injections fairly regular intervals over period about months showed 
decrease their hypersensitiveness. The reactions such animals 
these doses tended become even more regular and more evidently graded, 
the response each lower dilution being appreciably slighter than the 
dilution above. Two other rabbits which had been rendered hypersensitive 
were left for months and months respectively and then retested, both 
reacted all dilutions the standard suspension, but were negative plain 
broth. 

conclude that the hypersensitive state, once established, tends persist 
whether repeated infections are induced not. subcutaneous 
infections resulted repeated subcutaneous abscesses with tendency for the 
later lesions smaller, but owing the impossibility detecting minute 
lesions without sacrificing the animal, the minimal infective dose for the 
subcutaneous tissue was not determined. 

Rabbits which had received subcutaneous doses intervals two weeks 
were tested upon the skin with graded doses, and found react the 
dose. All subcutaneous doses were not strictly confined beneath the skin 
which was often reddened and adherent over the abscess its early stages. 
The evidence, however, suggests that hypersensitiveness not purely dermal 
phenomenon. 

Such experiments have far been able make the hope 
preventing hypersensitization have failed. rabbits received intradermally 
single non-infective doses weekly intervals. reactions occurred, 
and the dose was increased the second injection one 
rabbit reacted slightly, the other not all. the third injection the 
previously reacting animal gave definite take The other rabbit 
received and and reacted both doses. the next occasion 
both were given and and reacted slightly both dilutions. 
fresh rabbit inoculated the same time reacted the normal manner the 
and doses only. these two instances series subinfective doses 
appeared induce sensitization. 

Two other rabbits were given intravenously series injections heat- 
killed staphylococci weekly intervals, the doses being 100 million, 250 and 
500 million cocci. They were then tested upon the skin, and reacted like 
normal rabbits except that the response the and doses was possibly 
slighter. One rabbit was then given intravenous injection living cocci, 
and survived for one week. The second rabbit was retested upon the skin 
giving again normal response, but the third and fourth series inocula- 
tions infections occurred down the highest dilutions. The previous vaccine 
treatment conferred partial immunity, but did not seem have affected the 
induction the hypersensitive state. 


THE IMMUNITY RESULTING FROM REPEATED INFECTION. 


The dermal response the previously infected animal the larger doses 
and have been described and are shown the plate generally 
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less violent and extensive than the response fresh rabbits. Other evidence 
immunity was sought. The sera all infected animals examined contained 
agglutinins for the organism. high titre was never observed, but some 
agglutination was usually present 1/50 dilution the serum. agglu- 
tination was ever obtained with control sera. 

Certain animals which clearly showed the hypersensitive state local 
infection were given massive doses c.c. hours’ broth culture) 
living staphylococci into vein and for each rabbit series rabbits 
injected fresh rabbit was used control. The control rabbits all died 
hours. rabbits previously inoculated, became very ill and was 
killed days later, others were killed for the same reason days after the 
inoculation. Two rabbits died, days the other weeks; the first 
these rabbits probably died the result intercurrent laboratory infection, 
and showed only small area each kidney from which would 
probably have recovered. completely. The rabbit which died after weeks 
had pyemic lesions, the kidneys appeared normal and death was thought 
have been due encephalitis. 

The remaining rabbits had each received series intradermal inocu- 
lations, the control rabbit, being smaller animal, was only given ‘75 c.c. 
broth culture and died hours. Both the previously inoculated rabbits 
survived. 

Another normal rabbit, not included this series, lived for.7 days after 
receiving c.c. broth culture the organism but, post-mortem, was found 
have general absvesses, both kidneys being greatly enlarged and 
riddled with abscesses. 

conclude that repeated re-infection with Staphylococcus aureus produces 
partial tissue immunity shown smaller skin reaction, the 
development smaller subcutaneous abscess response dose infective 
for the normal animal. Also that partial complete general immunity 
set evidenced the appearance agglutinins and the partial 
complete resistance lethal dose, given 

Certain possibilities suggested these observations have been investigated. 
was conceivable that the dermal reactions the re-infected animal were 
part attributable protein sensitization arising from the broth used the 
bacterial suspensions and the reaction some animals which had received 
numerous injections plain broth might have been explained this way. 
Against this supposition was the regular and graded response the different 
bacterial doses, all which were suspended the same volume broth, 
together with the regular response the dose and the occasional failure 
response the animal responded the and not the 

Two animals were inoculated with bacterial suspensions made follows: 
one-day agar subculture from the stock boiled blood medium was gently 
washed off with buffered salt solution, centrifuged, and the washed 
times the salt. The final suspension was graded the same way into 
strengths etc., dilutions. series injections were made with 
these saline suspensions and the hypersensitive state, which the rabbits 
reacted the dilution, was provoked exactly the same time and 
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manner with the broth suspension. Further, rabbits which had been 
sensitized broth suspensions and left for several weeks were found sensitive 
saline suspensions and did not react plain broth. 

Three other rabbits which had received many intradermal injections 
broth suspensions, reacted similarly the saline suspension. 

Two rabbits were each given series injections plain broth and the 
injections were repeated times weekly intervals. response any 
these inoculations occurred. 

conclude that the sensitivity these rabbits was not due 
constituent the broth medium. 

was also conceivable that animals repeatedly inoculated upon the skin, 
spite the general immunity induced, acquired time general blood 
infection, and that the response the low dilutions was the response tissue 
damage infected from the possible conception refractory 
case recurrent boils that the condition present one septicemia. This 
conception unlikely since animals the sensitive state always reacted 
local bacterial infection but frequently failed react simple damage inflicted 
injection broth buffered salt solution. 

Blood cultures were taken from animals which had been frequently 
inoculated and had active lesions the time. The cultures were sterile 
each case. 

Seven consecutive human blood cultures were made cases acute car- 


and remained sterile culture Staphylococcus aureus was 


obtained the seventh case and interest that this was the only patient 
the series from whom streptococci were cultivated from the local 
lesion addition the staphylococci. 

Taking into consideration the frequent failure sensitized rabbits 
respond skin damage alone, our inability grow bacteria from the blood 
re-infected rabbits, and the rarity positive blood cultures human cases, 
think unlikely that the dermal response re-infected rabbits can explained 
the blood infection damaged area. 


DISCUSSION. 


The dermal response rabbits reinfection Staphylococcus aureus, 
which describe, does not appear come into the category other 
reactions commonly included among allergic manifestations. The state these 
rabbits can hardly termed allergic, since they are relatively immune 
systemic infection and give smaller reaction upon the skin the 
infective dose for the normal rabbit. The shown only 
hundred-fold lowering the minimal infective dose. 

The dermal response the rabbit streptococcal and pneumococcal 
infection possibly similar order, but has not yet, far know, 
been demonstrated. The susceptible rabbit has been shown (Panton and 
Benians, 1928) react repeatedly and short intervals pneumococcal skin 
infections, but the effect graded doses was not observed. 
streptococci the skin rabbits has been investigated 
Andrewes, Derick and Swift (1926, 1929), but the interesting phenomenon 
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observed these authors different kind the staphylococcal reactions 
here described, and followed lowering resistance general infection. 
Karsner (1928) reference the problem hypersensitiveness 
“There appears clear experimental evidence yet support the 
conception, the true sense, hypersensitiveness believe 
that our experiments afford this evidence. 

The immunological reactions the rabbit are notoriously peculiar and, 
any event, would rash press too closely analogy between experi- 
mental work rabbits and natural infection man. Some comparison is, 
however, justifiable view the close similarity these re-infected animals 
certain clinical manifestations staphylococcal dermatitis man. 
presumably gross infection the skin man followed the development 
carbuncle, and the healing the carbuncle frequently followed the 
appearance series smaller boils. 

Chronic furunculosis man commonly recovered from, and is, rule, 
amenable vaccine therapy, but cases occur which lesions follow each 
other for months and even years unaffected any form treatment, and 
such cases the injection dead bacteria may appear actually aggravate the 
condition and induce fresh lesions. 

Our experiments suggest that the local dermal infection man 
accompanied some degree general immunity and lowering the 
minimal infective dose for the individual, that succeeding infections are 
likely occur but less extensive than the primary lesion. Repeated re- 
infection man may result greatly increased sensitivity dose, together 
with possibly fluctuating immunological response, combination events 
likely produce series larger smaller lesions. 

conclude that one result staphylococcal infection the skin 
lower the minimal infective dose the organism, and that this increased 
sensitivity may result further skin lesions spite the concomitant 
production anti-bacterial substances the body. 
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THE EFFECT CULTURAL VARIATION THE 
MUTTON. 


HAPPOLD. 
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and Ayrton (1924) the course investigation into the 
biological characteristics ertrycke Mutton, noticed that when cultures 
this organism, either its heat labile its heat labile non- 
phase, were grown for more than hours 22°C. 37°C., they 
tended undergo antigenic alteration such that they became agglutinable 
with entirely different type antibody which they did not previously 
respond. The antigen responsible for this phenomenon was called the 
antigen. was clearly separated from the heat specific and non- 
specific antigens the organism. The antibody this antigen, the 
agglutinin, occurred some anti-Newport sera, and was found present 
one their anti-Gaertner sera. 

1928, the present author described the isolation antigenic prepara- 
tion, precipitinogen, from the filtrates steamed broth cultures ertrycke 
was also shown that processes calculated modify proteins 
effected the destruction this antigen. Its vitro activity, measured the 
precipitin reaction, was destroyed well the vivo activity, and 
appeared certain that such specificity the antigen did possess could 
ascribed protein grouping and not specific soluble polysaccharide 
substance. The antibodies formed the injection the steamed filtrates 
into rabbits agglutinated steamed broth cultures both the Mutton and 
Newport strains and the filtrates obtained from their broth 
cultures. Since the sera rabbits with the filtrates obtained from 
broth cultures Newport acted identical manner, seemed reasonable 
assume that antigen present the Mutton filtrate preparations: 
was common cultures both organisms. These cross precipitin and 
agglutinin reactions were floccular type, and were demonstrable 56°C., 
37°C. and laboratory temperatures. Further study the chemical and 
immunological properties this antigen seemed desirable, and Dr. 
Hartley suggested that such study should preceded attempt discern 
the cultural conditions which would favour the maximum production the 
antigen culture this was first attempted. The results obtained were felt 
interest since they separate clearly the antigens from those antigens 
(termed antigens Weil and Felix (1920), Bruce White (1926) and 
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others) which are associated with the granular type agglutination occurring 
the group. 

work which has not been published, study has been made the 
interrelationship the antigens different salmonella organisms. The 
results far obtained show that not only there wide group relationship 
between the antigens different salmonella strains, but that the active 
fraction present some the filtrates, which precipitates the anti-filtrate 
sera, probabiy not single antigenic factor, and consequently the plural term 
antigens factors will used describing such active filtrate prepara- 
tions. the previous publication the active fractions obtained from cultures 
Mutton and Newport were considered represent single antigenic factor. 
has been suggested that the antigens may related the rough 
somatic antigens, but the cultures studied have appeared typically smooth 
both the nature their colony development and their stability saline. 
Recently isolated strains which were typically smooth and which had been 
repeatedly passed through mice gave reactions which indicated that their 
capacity for developing the antigens was way impaired, but must 
noted that the filtrates from steamed broth cultures rough strains 
Mutton gave floccular precipitin reaction with anti-Mutton filtrate sera. 


THE DEVELOPMENT THE “X” ANTIGENS MUTTON 
DIFFERENT CULTURE MEDIA. 


differences the development those substances which yield floccular 
precipitates with anti-Mutton filtrate sera have been observed fluid cultures; 
thus two-day and four-day cultures ertrycke Mutton have been grown 
the following media: Parke-Davis peptone water, Fairchild’s peptone water, 
blood broth, casein digest broth and ordinary broth; the cultures have been 
steamed for minutes, filtered through candles, and the filtrates tested. 
differences were detected the values the various limiting dilutions 
which demonstrable precipitin reactions were obtained. 

The results obtained with preparations from cultures the organism 
grown carefully dried agar must strongly contrasted. Such cultures 
were suspended thick cream saline saline acidified with HCl 
approximate N/20 strength the acid and the suspensions centri- 
fuged either immediately hours later. The reactions the supernatants 
were adjusted approximately and their precipitating powers for the 
anti-Mutton filtrate sera tested. activity was apparent, thus the active 
substance substances which have named the antigens are not 
produced such cultures any marked degree. 

agar grown culture was also suspended saline and divided. One half 
was heated 56°C. for hour, and the other formaldehyde was added 
concentration 0°05%. Both preparations were left overnight, cleared 
before, and the supernatants tested against anti-Mutton filtrate serum, and 
the serum rabbit which had been immunized agar grown culture 
Mutton, sterilized 56°C. preparations precipitated the latter serum 
but not the former. the other hand the antigens were satisfactorily 
produced the agar surface Roux bottles which had been uniformly 
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moistened with about 2-3 c.c. broth culture used for inoculation. Thus 
seems that moisture necessary condition for the satisfactory development 
these antigens, antigens which are clearly separated from the recognized 
factors known developed dry agar cultures. 


THE EFFECT DIFFERENCES THE OXYGEN TENSION THE CULTURAL 
SYSTEM THE PRODUCTION THE “X” ANTIGENS 


Experimental results showed that there was marked difference the 
degree development the antigens when ertrycke Mutton was 
grown flasks filled with the media Roux bottles containing about 
each the same broth—a system which exposes large surface 
broth directly the atmosphere. Broth cultures grown under conditions 
strict anaerobiosis not appear produce this type antigen, consequently 
seemed interest determine the order oxygen requirement necessary 
for its development. Long-necked round-bottomed flasks were taken and 
bouillon were placed each flask. After sterilization, the flasks 
were closed rubber bungs through which passed two L-shaped 
means these tubes the flasks could evacuated different degrees the 
vacuum being subsequently replaced hydrogen. all these processes care 
was taken preserve absolute asepsis which easily obtained. Three sets 
experiments were performed, and the results were nearly identical every 
respect. The following were the results obtained one the experiments. 
(Table I). 


Serum dilutions. Normal serum. 
Preparation tested. Dilution. 1/10. 
Filtrate from culture 1/2 
210 mm.) 1/8 tr. 
1/2 
Filtrate from closed 1/4 
flask 1/8 tr. 
1/16 
1/32 


culture was grown for days anaerobic jar 37°C. whilst 
four 500 c.c. round-bottomed flasks containing c.c. each the medium were 
inoculated and incubated the same temperature. One was closed, another 


n 
1d f 
| | 


evacuated residual pressure 400 mm., another 100 mm., and the 

remaining one completely evacuated. The flasks were evacuated means 
water pump, and after evacuation hydrogen was aseptically admitted until 
the summated partial pressures the gases present the flasks were mm. 


less than the atmospheric pressure. This was necessary, since certain amount 
gas was given off the cultures and, this precaution was not taken, the 
bungs closing the mouths the flasks were easily displaced and the experiment 
spoilt. After the two days incubation, the cultures were steamed for 
minutes, filtered through candles and tested against the anti-Mutton 
filtrate serum. Incubation the tests was carried out 56°C. for four hours 
with subsequent period hours the refrigerator. The filtrate from 

the anaerobic culture gave precipitin reactions. 
seems justifiable assume that only small oxygen tension necessary 
enable the organism develop the antigens the cultural fluid. 
Older cultures under strict anaerobic conditions have yielded negative results, 
and should noted that the growth the culture (residual pressure 
210 mm.) was not noticeably less abundant than that grown the closed 
flask. The diminution precipitating power with decreasing oxygen supply 


evidence tendency prevent entirely the formation the “X” 
antigens since was only case decreased precipitating power due 
limitation growth the results from the culture (residual pressure 210 min.) 
and that from the closed flask would approximately the same. 


REACTION THE MEDIA AND THE PRODUCTION THE ANTIGENS. 


has frequently been observed the course these investigations, that 
bouillon cultures salmonella organisms gradually increase alkalinity and 
that cultures which possess the factors may lose them prolonged 
growth. was thought advisable investigate the effect the reaction 
upon the development these factors. 

Four flasks bouillon were taken and brought approximate 
reactions 6°8, and respectively. They were all inoculated 
with mutton and incubated for days. The reactions were now approximately 
6°2, and respectively. After further four days incubation the 
reactions were all over from steamed portions all the cultures 
were tested against the anti-Mutton filtrate serum serum dilutions 1/10, 
1/100 and 1/1000. filtrates were tested undiluted and dilutions 
1/5, 1/20 and 1/80, incubation was carried out 37°C. and 56°C. all cases 
and the usual controls were made. The first batch filtrates showed the 
greatest activity the culture whose reaction had varied from 
positive reactions occurring filtrate dilution 1/20 whilst the others 
gave but slight reactions 1/5. The second batch filtrates were all 
cases negative. The experiment was repeated under slightly different 
conditions, three flasks containing each bouillon reactions 
and were inoculated with the organism. After hours c.c. 
samples were withdrawn from each flask, the reaction each taken and the 
remainder, some steamed, filtered and tested for the presence 
factors, The reactions were and 6°9 respectively. The filtrate from 
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the flask whose initial reaction was 7°7 precipitated the serum filtrate 
dilution 1/32, the other two dilution 1/8. After days culture, the 
reactions were and 7°8 respectively, the first flask was active 
dilution 1/8, the second 1/64 and the third 1/32. After 
weeks incubation, distilled water was asceptically added the flasks 
compensate for evaporation, the reactions were found all cases over 
The filtrate from the flask whose initial reaction had been gave 
trace precipitate with the anti-Mutton filtrate serum, that from the flask 
whose initial reaction was precipitated filtrate dilution 1/8 and the 
were devoid activity. The results suggest that the antigens are 
produced greatest concentration slightly alkaline media but 
prolonged culture with concurrent long exposure the antigens reaction 
shown that these factors were inactivated hours exposure N/10 caustic 
soda and probable that these results are due slow racemization the 
protein. 


THE DEVELOPMEN' THE “X” ANTIGENS MEDIA CONTAINING 
FERMENTABLE 


interesting phenomenon was accidentally observed efforts separate 
from cultures the Mutton strain active soluble specific substance the 
type originally described Avery and Heidleberger (1923) the case the 
type pneumococcus. had decided enrich bouillion with glucose 
before repeating the different methods adopted such workers Heidleberger, 
Avery, Landsteiner and others their successful efforts with other bacteria. 
Glucose was added the bouillon concentration 1%. After hours 
the reaction the culture was tested and found approximately. 
The suspension obtained centrifuging the killed culture hour 56°C.) 
and resuspending the deposit saline, agglutinated with specific serum 
titre but entirely failed agglutinate with anti-Mutton filtrate serum. 
24-hour culture gave the same result. result this observation five 
flasks were taken, glucose added four them result glucose 
concentration 0°125, 0°25, 0°5 and respectively. The five flasks were 
inoculated from the same smooth strain and incubated 37°C. 
After and hours incubation, and again after days, c.c. each 
culture were removed under asceptic conditions, the reaction each 
approximately determined c.c. the samples (with B.D.H. universal 
indicator) roughly adjusted approximate reaction 7-8, heated for 
one hour 56°C. and centrifuged clear. The supernatants were used for the 
precipitin reactions and the sedimented organisms were resuspended saline 
approximate concentration 1,000,000,000 per c.c. and used agglutina- 
tion tests. all the experiments which followed and which involved the 
development acid reaction, the reaction was approximately adjusted 
before heating. The results obtained are tabulated Table 

second duplicated experiment gave results differing only the 0°2% 
glucose broth culture. this case the reaction did not recover after days 
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the the culture was was sterile and the suspension and 
supernatants did not react visibly with the filtrate serum.” 

Before continuing the description this investigation small digression 
necessary. work which has not been published investigation has been 
made into the distribution and interrelationship antigens throughout 
the salmonella group. Rabbits have been immunized with filtrates from the 
(London), ertrycke Mutton (Topley and 74), newport (McLeod and 


Precipitation. 
Specific Filtrate Specific Filtrate 
“H” serum. serum. serum. 
(sterile) 
(sterile) 


the Stanley strain, paratyphosus and paratyphosus (MacAdam). 
With the exception the last two organisms al! these sera have given 
floccular precipitates with filtrates from steamed cultures each these 
strains, complex comprehensive mirror reaction. than this there 
are strong grounds for believing that least the filtrates from Mutton 
cultures and some others more than one factor present. led 
observe whether the failure filtrates from glucose broth cultures Mutton 
precipitate their own anti-filtrate serum would extended other sera. 

III attempt has been made represent graphically all the 
types results which have been obtained. Somewhere about precipitin 
reactions have been put with filtrates from cultures containing fermentable 
carbohydrate sufficient concentration yield reaction approxi- 
mately. the large marjority cases the filtrates have been devoid 
precipitating power, 
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The bacterial suspensions from these cultures have invariably been tested 
for agglutination with the sera used above and the results obtained though 
less definite than those obtained from the precipitin reactions yet indicate that 
factor which usually present normal broth culture inhibited 
depressed 0°2% glucose mannite broth culture. Needless say the 
cells were separated from the culture fluid and washed with saline. Cultures 
grown bouillon which contained saccharose concentration 0°2% 
could not differentiated from ordinary bouillon cultures either the 
variation reaction which occurs during incubation, the precipitating 
powers which its filtrates possessed for the different sera use. survey 
these results shows (1) that where fermentable carbohydrate added 


III. 
Carbohydrate Glucose to Glucose to Glucose to Mannite to 


Precipitates with Para and McAdam were granular nature. 


bouillon sufficient concentration cause the development the culture 
definite acid reaction, the factors are not freely found the cultural 
fluid and (2) that where non-fermentable carbohydrate added where 
the concentration the fermentable carbohydrate not sufficient cause 
marked acid reaction develop, the precipitating powers the filtrates 
are not noticeably affected. 

Thus appears that the phenomenon really due the inability the 
organism develop these factors any extent reactions approxi- 
mately 5°0. This further shown the following two experiments. 
flask 0°2% glucose broth containing several small pieces marble, were 
inoculated with the Mutton strain. The culture was incubated 37° and 
subjected frequent shakings. The marble seemed just sufficient 
prevent the development the medium sterilizing acid reaction. There 
was evidence the production the cultural fluid factors. 
the fifth day the reaction appeared have recovered slightly; sodium 
carbonate was now added approximately neutral reaction, and after 
hours growth the reaction was and the filtrate showed 
normal precipitating properties. 

Cultures Mutton bouillon were started and the reactions the media 
adjusted the addition acid. Such reaction was 
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maintained for hours the periodical addition acid. That growth had 
taken place was evidenced the increased turbidity, but the cultures failed 
develop demonstrable precipitins. The normal recovery the neutrality 
such cultures was associated with the recovery precipitating 
powers. 

Rabbits were now injected with the filtrates obtained filtering the 
steamed, neutralized cultures Mutton grown 0°2% glucose broth. Such 
sera did not show marked variations from normal filtrate sera 
agglutinating properties for the different salmonella 
preparations used. were course differences titre the 
agglutinin reactions but there were significant differences. 
different samples sera rabbits which had been 
filtrates from glucose Mutton cultures were consequently taken and two 
different samples anti-Mutton filtrate sera. The four samples sera were 
absorbed with each the following suspensions: (1) Mutton suspension, 
obtained suspending saline the cellular material present 3-day steamed 
broth cultures the organism; (2) Mutton suspension, obtained 
suspending saline the cellular material present steamed 3-day 0°2% glucose 
broth culture and (3) Mutton suspension obtained follows: The organism 
was grown for hours carefully dried agar plates, the cultures were washed 
off with absolute alcohol, left standing overnight, the suspension centrifuged 
down, and the sediment re-suspended saline. Such suspension would 
rich “‘O” factors and free from factors. 

Suspensions and-filtrates, from the different salmonella strains which have 
been consistently used another phase this study, were tested against 
these absorbed sera. Precautions were taken all tests ensure equivalent 
conditions serum dilution and every effort was made make certain that 
the absorption was adequate and complete. The results can summarized 
follows: absorption any the sera with any the absorbing suspensions 
resulted either general heavy reduction agglutinin titre the 
particular sample serum tested and for any salmonella normally agglutinated 
such sample, else complete removal all agglutinins. The three 
suspensions used for absorbing the sera showed marked differences such 
absorption capacity. All the precipitins were removed suspension (1) but 
demonstrable reduction the floccular feathery precipitins present 
the sera occurred result the absorption with suspensions (2) and 
summary typical complete precipitin test appended (Table IV). 

These results, taken conjunction with the parallel agglutinin reactions, 
show that there must have been least two types antigen represented 
the original filtrates used preparing the above sera. One type antigen, 
the “heat flocculating type antigen, depressed such 
extent glucose broth cultures and dry agar cultures Mutton, 
that suspensions obtained from such cultures were not able remove the 
antibodies from the sera used. the other hand the fact that sera 
absorbed with such suspensions did not agglutinate certain salmonella 
suspensions, which had previously given the granular type agglutination 
with the unabsorbed sera, renders unlikely that the antigens play 
important part the normal type agglutination. 


| 
| 
3 
4 
i ge 
his | 
{ 
hee 
| 


ANTIGENIC DEVELOPMENT 271 


The results with the strain are interest when compared 
those obtained with the smooth since there suggestion that 
factor produced the smooth ‘strain absent rough cultures. There is, 
however, ample proof that the “rough” strain can produce antigen 
antigens and this point will have carefully investigated. 


DISCUSSION AND SUMMARY. 


When Mutton sera, which possess the antibody anti- 
bodies, are absorbed with suspensions the organism grown under conditions 
not conducive the development the antigen antigens, noticed 
that, although those agglutinins which effect granular agglutination hetero- 
logous salmonella cultures are wholly largely removed, the precipitin 


TABLE IV. 
” Cc (London) + = + + + on + + 


All precipitins with Para filtrates were granular type. The tested were all 
cases obtained from steamed 2-day cultures, the sign division represents the absorbed sera, thus 
M/1 the anti-Mutton filtrate serum absorbed with suspension 


reactions remain but slightly affected. The antibodies are, however, 
removed the washed suspensions obtained from ordinary steamed bouillon 
cultures the homologous organism and are certain extent effected 
absorpsion with suspensions certain heterologous strains which have been 
prepared the same manner. These results clearly differentiate this type 
antigen from the antigens which have been completely classified 
Bruce White. The evidence the latter and Landsteiner and Fiirth (1929), 
that the active fraction the bacillary body concerned the granular heat 
agglutinin reactions polysaccharide grouping, further differentiates 
the factors from the since the latter have been shown asso- 
ciated with protein grouping and processes which degrade proteins have 
invariably destroyed the vitro activity preparations. 

The work can further summarized follows: certain slight oxygen 
potential required cultures Mution for the satisfactory development. 
the antigens; the decreasing tendency the part the organism 
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produce these antigens with decreasing oxygen supply does, however, appear 
lag behind the decreasing tendency the organism grow. The greatest 
production these antigens takes place reactions which approximate the 
neutral point. the acid side (at there real development, 
though growth may have been quite good and though the culture remains 
viable. The production media whose reaction initially definite 
but less powerful than the normal. great differences are observed 
between cultures grown different fluid media and would appear that the 
almost complete inhibition the production antigens certain 
bouillon cultures which fermentable carbohydrates had been added can 
entirely ascribed the development acid reaction the media. 


The author indebted Prof. Mc’Leod for facilities granted and for 
useful suggestions made whilst reading the proofs, and Prof. Topley 
for his continuous encouragement and assistance all times. the Medical 
Research Council, whose part time grant and grant “in made this work 
possible, grateful thanks are also due. 
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III rabbits (Rivers and Tillett, 1923), recorded earlier 
paper (Andrewes, will multiply tissue cultures rabbit’s testis. 
Moreover, such cultures intranuclear inclusion identical with those 
formed vivo will form the cells the interstitial tissues (see plate, figs. 
and The propagation virus tissue cultures not merely 
considered end itself, but more especially technique capable 
shedding light number obscure problems. This view emphasized 
Rivers, Haagen and Muckenfusst (1929), who have recently shown that the 
viruses vaccinia and herpes will cause the development inclusion bodies 
cultures rabbit cornea. Amongst other advantages the possibility 
detecting the activity virus III examining stained sections cultures for 
materially reduces the number experimental animals required 
investigation. Work with virus III, extending over years, has 
convinced that the finding particular type intranuclear inclusion 
reliable criterion infection rabbits this virus, provided that one can 
exclude the possibility infection herpes virus, which produces similar 
nuclear changes. This opinion confirmed the results tissue culture 
work, will shown later (see note foot Table V). 

Technique.—The technique described very briefly, has been more 
fully reported before (Andrewes, Small pieces aseptically minced 
testis from normal adult rabbit are placed cm. Carrel flask (Carrel, 
1923); this are added rabbit plasma filtered rabbit serum 
diluted each case with c.c. Tyrode’s solution, and c.c. virus- 
containing fluid—usually fluid from earlier culture. After incubation for 
days 37°C., the pieces tissue are fixed Bouin’s solution, 
stained with hematoxylin and eosin and examined; the fluid may tested 
for the presence virus the skin the testis arabbit. The technique 
involves cell-survival rather than true tissue culture. 


Further Results Culture Experiments. 


During the last six months virus III has been carried through 
cultures series, and has not yet shown any signs alteration its 


No. this series appeared this Journal, 1929, 10, 188. 

These workers have independently been studying immunity vaccinia virus toxic cultures 
during the last few months (personal letter from Dr. Rivers). results their work will 
appearing shortly the Journal Experimental Me. 
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properties. Since the titre the original virus was (intradermal test), 
and each subculture involves dilution least times, would appear 
have multiplied during this period cultivation least times. 
the first five cultures, and also the twentieth the series, diluted plasma 
was used; all others dilute serum was the medium. While subeultures 
have usually been made every third, fourth fifth day, times flasks have 
been stored the cold before subcultivating from one occasion virus 
was shown have survived flask for days This 
interesting, since Eagles and McClean (1929) found that their cultures 
vaccinia virus did not survive well the cold. 


Conditions under which Inclusions Develop. 


few cultures which were heavily contaminated with staphylococci 
other organisms the tissue had undergone necrosis, and inclusions formed 
the presence milder degree contamination inclusions developed 
perfectly well. Asshown Table they were found out cultures 
virus normal testis normal plasma, and out normal 
testis normal serum. seemed likely that the nuclear changes only 
occurred cells which were still living; order throw light this 
question pieces testis were incubated for varying periods before virus was 
added them; they were then further incubated for days, and tested intra- 
dermally rabbits, and pieces were fixed order that sections might 
examined for inclusions (see Table Table shows that after preliminary 


Cultures which Virus was added Previously 
Incubated Tissue. 


Period incubation tissue Skin reaction produced Inclusions section 
before adding virus. culture. culture. 
Experiment 


incubation for hours the cells were apparently longer capable forming 
inclusions allowing the virus multiply; hours they could still 
so. 


Variations the Medium. 


The virus survived, and inclusions developed normally cultures which 
normal horse-serum was used instead rabbit-serum. The same was true 
cultures which the testis was placed Tyrode’s solution without any 
seruin yet too early say whether inclusions will form regularly such 
medium, and whether not serum can dispensed with routine. 
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undiluted rabbit-serum inclusions formed out flasks, but cells did not 
survive well dilute serum. 


Cultures Organs other than Testis. 


yet inclusions have been found, nor has virus survived cultures 
tissues other than testis; the negative results comprise cultures liver (1), 
spleen (4), kidney (5) and bone-marrow noteworthy, however, that 
with the technique used, the survival these tissues was much less satisfactory 
than that testis. virus III can infect many different tissues vivo, 
seems likely that should also able infect them tissue culture. 


Time Appearance Inclusions. 


each experiments number cultures virus diluted serum 
were set up, and one was stored unincubated. The rest were 
incubated 37°, and one was placed the cold every day for days. Pieces 
tissue from each were then fixed, and the fluids tested intradermally for the 
presence virus (vide Table II). 


Appearance Inclusions and Rate Increase 
Virus Cultures. 


Time incubation. Skin reaction produced Inclusions section 
culture. culture. 
Experiment 


appeared that the virus content. which first was low, actually fell off 
hours (Experiment Table but increased the following day. 
After the third day further increase seemed occur. must remem- 
bered that each case the fluid, and not the whole culture, was tested for its 
virus content. Inclusions first appeared after hours’ cultivation, and were 
most numerous the third fourth day. 


BEARING IMMUNITY. 


The use tissue culture seemed likely throw some light immunity 
virus III, and particular the relative importance the cells and 
immunity. Workers with viruses have hitherto scarcely touched 
the problem from thisangle. Steinhart and Lambert (1914) cultivated vaccinnia 
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virus rabbit’s cornea vitro, but failed grow the virus when they used 
the cornea and plasma from immune animal; they did not analyse, however, 
the factors responsible for that failure. Nye and Parker (1929) reported that 
vaccinia would not grow rabbit testis the presence immune serum. 
the following experiments with virus III the immune sera and organs were 
taken from rabbits infected the skin testis weeks 
attempt was made hyperimmunization. 


Cultures Immune Testis and Immune Serum. 


Virus was added cultures immune testis (or plasma) 
the experiment was repeated several times, cultures all being made. All 
were negative (see Table V), inclusions being found any culture, and 
none giving rise positive skin reactions. The result was hardly surprising. 
The next step was attempt grow the virus cultures normal testis 
immune serum, and immune testis normal serum. 


Cultures Normal Testis and Immune Serum. 


Here the results were unequivocal. Virus added culture testis 
immune serum plasma did not survive long days, nor were any 
inclusions formed (see Plate, fig. 3). This was invariably true (see Table V), 
provided that the immune serum came into contact with the tissues before the 
virus. Immune serum was found effective all experiments which 
was diluted, usual, with parts Tyrode’s solution. With weaker dilutions 
was not regularly effective. The results one titration experiment are shown 
Table III. another experiment, the 1:20 dilution serum was only 
effective culture out this occasion different serum and virus were 


Final dilution Skin test Skin test Inclusions Inclusions 
serum. positive. negative. present. absent. 
Experiment 


(normal serum) 


this experiment normal rabbit serum was used making the dilutions immune serum. 


DESCRIPTION PLATE. 


testis rabbit inoculated intra-testicularly with virus III 
previously. parenchyma the gland appears normal, but numerous cells the 
interstitial tissue the nuclear membrane irregularly thickened and homogeneous 
inclusion body seen within the scale and staining Fig. 2.) 

2.—Section 3-day culture virus III normal rabbit testis and normal rabbit 
serum. Inclusion bodies like those are seen the nuclei many cells. The 
cells and their nuclei tend rather more elongated than sections taken from the 
living animal. (Scale fig.: hematoxylin and eosin.) 

3.—Section 3-day culture virus III normal rabbit ‘testis and immune rabbit 
serum: inclusions are found any cells. (Same scale and Fig. 2.) 
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used. has not yet been determined whether not proportionality can 
shown exist between the quantities virus and-serum such neutralizing 
experiments. 


Protection Immune Serum: Factors Time and Temperature. 


Where normal serum was used cultures was found immaterial 
which was added the tissue virus. was far otherwise 
experiments with immune serum. For virus was allowed come into 
contact with the minced-up testis before the immune serum (or immune plasma) 
was added the flasks, was capable, under certain conditions, infecting 
the cells and forming inclusions. These were, however, always scantier than 
control cultures normal serum. The following experiments were devised 
hopes throwing light the exact conditions under which this infection 
cells could occur. Virus, together with c.c. solution, was 
added number Carrel flasks containing minced tissue. These were 
then kept different temperatures for different periods; the end the 
selected period, 0°5 immune serum diluted with 0°5 Tyrode’s 
solution was added, incubation was continued for days, and the tissue 
was then fixed. was desired keep virus and tissue contact 
low temperatures, the tissue and all instruments, fluids and glass-ware used 
the experiment were kept chilled means freezing mixture until the 
cultures had been set and transferred the cold the presence 
immune serum, virus had always been unable infect cells and form 
inclusions; when, therefore, this type experiment, was found that 
infection had occurred and inclusions had formed, seemed logical deduction 
that the cells had been infected the period before the immune serum was 
added. The results experiments are summarized Table IV. seems 


TaBLE Time and Temperature under which Virus III 
can Infect Cells. 


Contact virus and tissue Number cultures Number cultures 
before the addition with inclusions with inclusions 
immune serum (or plasma). present. absent. 
Experiment 


Experiment 
Plasma before virus (control) 


Serum before virus (control) 
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justifiable conclude from these that inclusions can develop spite the 
immune serum, once the virus has managed infect the also that the 
virus can infect the cell readily (within minutes) 37°C., but not all 
one culture after only minutes’ contact; later experiment failed 
after hours. Such anomalies require further study, but clear that 
room temperature infection less easy than 37°. 


Growth Virus Immune Testis and Normal Serum. 


Recent workers with viruses have stressed the importance cell immunity 
tissue immunity, and was therefore anticipated that the active immunity 
the cell would prove more solid than any passive protection which the 
body fluids could afford. The results shown Table accordingly came 


V.—Cultivation Virus III Various Combinations Normal 
and Immune Tissues and Fluids. 


Tests on skin (or testis), ‘ Inclusions in culture. 


Testis. Fluid. Number Number Number Number Number Number 
tested. positive. negativ’. tested. positive. negative. 


Immune plasma 
Normal plasma 
serum 
Normal plasma 
(washed) plasma 


SCONCE I 
ROR 


instances the animal-inoculation and histological tests were made with the same 
only was there twice skin test was negative, though inclusions 
were found, and once skin reaction was produced, though inclusions were detected. 


complete surprise. appeared that when the immune tissues were 
cultivated normal instead immune serum, the virus could infect the 
cells and form inclusions more often than not; and when the immune tissues 
were subjected preliminary soaking Tyrode’s solution, the virus could 
infect and produce inclusions every time. The tissues concerned came from 
solidly immune animals which past experience had shown that infection 
and the formation inclusions vivo could not brought about. The 
soaking Tyrode’s solution was conducted follows: The minced testis was 
placed the bottom centrifuge tube and c.c. Tyrode’s solution were 
added the tube was kept for hours room temperature, occasionally 
being shaken, and the end that time the supernatant fluid was pipetted 
off and the fragments tissue used for culture. Presumably this procedure 
removed diluted any antibody contained the tissue juices; 


perhaps also soaked off some which was actually attached the surface 
the cells. 
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Discussion. 


Tissue culture permits analysis which not possible vivo 
experiments the factors responsible for immunity virus. appears 
from the experiments recorded that the protection susceptible cells from 
infection virus III depends upon the antibody content the fluids 
surrounding the cell and not upon any active immunity the attacked cell. 
any rate there active immunity which cannot removed simply 
washing the cell little Tyrode’s solution. Such result unexpected 
view the stress which has been laid recently cellular tissue immunity, 
particularly virus infections. may objected that one cannot argue 
from the findings tissue-culture the living body the cells are not under 
favourable conditions vitro and may lose the immunity which they possessed 
the living animal. the other hand, the experiments reveal humoral 
defence-mechanism which adequate protect the cell, even vitro, and 
may well sufficient vivo also. Moreover, there suggestion from 
these results that the immunity-mechanism wholly humoral. seems 
possible that the protection susceptible cells from invasion 
humoral, but the destruction the virus may well the function 
secondary mechanism which cells are concerned. susceptible cells are 
not protected virtue any active immunity their own, one naturally 
wonders where the protecting antibody made, not them. few 
attempts detect the formation antibodies virus III tissue-cultures 
testis, spleen, and bone-marrow, alone combination, have been yet 
unsuccessful. 

The experiments described under the heading time and 
make clear virus can produce its characteristic effects 
the cell (inclusion bodies) despite the presence antibody only has had 
chance—even for minutes—of attacking the cell the absence any 
antibody. same conclusion was reached result some vivo 
experiments previously recorded with vaccinia virus (Andrewes, 
these was shown that serum introduced into the rabbit’s skin could bestow 
local protection against vaccinia introduced into the same spot, provided that 
was introduced before the virus; but when virus was injected minutes 
before the serum vaccinial lesion resulted. This experiment can also 
demonstrated with virus III the rabbit’s skin, but the mechanism 
revealed rather more clearly means the tissue-culture technique. 
seems possible that the immune serum acts preventing the virus from 
entering the cell, and that has failed achieve this purpose, powerless 
anything else. work indicated that the serum itself was not 
necessarily viricidal, any rate vitro the absence cells (Andrewes, 
the mechanism, therefore, which could prevent virus from entering 
the cell matter for further study. 

Incidentally, viruses other than virus III are found infect cells 
readily 37° and not all with difficulty low temperatures, there 
would appear rational basis for one part Carrel’s technique for the 
tissue-culture viruses (Carrel, 1928): that virus and tissue 
kept contact for some time the refrigerator before incubation begun. 
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SUMMARY. 


Virus III has been carried serial vitro cultures rabbit 
testis rabbit serum plasma; appears have multiplied vitro least 

The conditions under which inclusion bodies form such have 
been further studied. 

Virus III will not survive nor form inclusions cultures immune 
testis immune serum plasma. 

Virus III will not survive nor form inclusions cultures normal 
testis immune serum plasma, provided that the immune fluid added 
the tissue the culture before the virus. 

Virus III will survive and form inclusions cultures immune testis 
normal serum plasma, particularly the immune tissues are subjected 
brief preliminary soaking Tyrode’s solution. 

virus and tissue are incubated together for short time before 
immune serum plasma added culture, the virus can infect the cells 
and form inclusions, despite the presence antibody the fluid bathing the 
cell. 

Experiments are described which seem indicate that virus III can 
infect cells within minutes 37°, but that cannot even after 
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